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QUARTERMASTER RESEARCH 6 ENGINEERING COMMAND6 US A,- "

'. MASACWSTS -- ",o ;, .-. '.

Major General Andrew?.o Meosmara
" The Quartemster G nerl

Washin-ton 25, . .

Dear General Mcamara:
This report, "Evaluation of Army Combat Packs by Meaurlg 11..-r

Costs and Speed of Movement," is a continuation of the load-caryila'
meries. Since it requires energy to transport weight, and weWigh Is
distributed over the. body in a different wV with each load-carry og
system, it is iwportant for pack designers to know whether the wrk
involved carrying a load is influenced by the desip of the load
carrying system.

In this study, energy expenditures wen determined for standaM
and experimntal load-carrying systems. With the technique osd, no
outstanding differences were demonstrated for equal loa4s carried witk
the several load-carryiig syste. Differences in the stability of th
packs were observed, but these differenes did not influence the smer.

- cost of doing the tasks.

3incarely7 yours,
I. f i- Z"

1 Inel .-...CA.LEA,.
.Pl-7J Brigadier General, tUA

S .C ioeaning

°* • .
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Objective wfof that mil clealy distinguls dLffewumm between
smi"r types of 3ced-ca~ylg syst awe difficult to deveslop, In this
stod, detezuinatiou of the mag cost of wtypica1* Kaire ativties
=a asmansd vhIle the subjecto carrie tbs. sa ic! ith affornt, load-
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Abetract

wer used as criteria for evaluatfrg the V. S. Standards U. So Ik-
perimentalsand British berwmenta1 cicubat packs. A subjectie rat- -

lug based on comfort and. Yreedo. from Intertseooe with mota=U
was also 1zcluded for this evaluation. Tests of rumligp cresping,
jzmings rol.ling, ellubiag, and faflir-d-9Gttir4;-UP vWr Prfomwd
without a pack and with each of the Uthre dfferent packs, Ton sub-

i~t vW Used,

I-eas enera =s expeovid ten activities vre performed. vithout
a pack than with a pack. Newrly aU tests war performed faster vitb-
out a pack than with a pack.

On t2he basis of energy cost md perfa!iCe time of each test,
awe of the packs can be conuidered definitely vuperior to the others,

Accmrddng to the subjcvtive redz& the U. S. Standard peck me
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EVALWI OF AIM! (OMBA! PACKS N MEASMG W r COSTS
AN ED OF MVDEMTI

a. "cst of the plysiological studies related to pack carrying.
whether in the labcratoroy rIn the field# have been devoted primarily S
. to marcht w&alng. 2 , *7# Bomever lking or marching, Im-
portant a! they se be, do not constitute the only type of locomotiaon
used by the foot soldier durlM u actual combat situation. Vve =.-
dier may need to creep, roll, climb, JuM,, run, and 'bit the dfrt'.
This he nzT do eith6r slowly or at mai speed. His survival =7 de-
pend on his speed of movemat. 0

b. Bnfy and YcDermott 1 suggested that studies be conducted out-
side of the laboratory under conditions aproadhng those of combat. Asimilar need mas pointed out by Redbear o

c. b r tal studies of various ombat pacs were reported ty
e Hun~ter and T=1.6l, and by Hale and Ka-povich.5. 7he latter authors devel-

i . sped a battery of testa for the evaluation of the merits of different
: packs. These tests included2 runnin, creeping, rolling, JwapW, c].ab- .

in:5g, had-raad throwing, falling, getting up, changing direction, &gU]-
ity, and blance. hand-grenads tbrowing va judged an accuracy, sod ivmp.- "

-" ing on distance. The Burpee test was used to measure agility, and a mod;
ified Bass Pntc balance test was uses for balance. The criterion for

r-" scoring the remaining tests was time of performance. No determination of
the energy cost vas nade.

d. As far as the present investigators have been able to ascertain,
no scintific studies have been made to determine the expenditure of ena-
argy while carryine A pack during the types of activities used by Hale ad
Karpovicb.

FYr this reason 7 tests wa taken frca their study, and, after S
some modifications, combined into 6 tests. The fallin ("hitting the dirt')
and getting up from the ground, which were 2 separate tests# were comined
into 1 test. In rolling, the number cf turns was increased from 3 to 5.
Descending the ladder was added to climbing. The standing broad JMp was
changed into 6 consecutive 5-foot jmpja. Running, and creeping (II)* war
retained unchanged.

e. fte pmrpose of this stud " was to determine whether the eneru
cost and the tixe of performance of these selected tests with 3 different

I packs could be used as an objectiv basis for the evaluation of packs.

2. aterials and Methods

* a. rAtmzdals
L (1) Sub ects. The test subjer.ts were 10 male Sprengfield Col- "
* i lege ntudents, to 26 years of age, 64 3A to 76-1/4 inches in heights

*Hale an" Y-rpcvich had two tests of creeping, numbers I and I.

, a. *- ----o



* and 1251 to 210 pounds in weight (Table I). They wore the reSu1&g oa
U.S. Army wool combat uniform, with field jacket.

(2) Packs. The thre types of combat packs used in this stauy
were: (1) U.S. Standard pack,* (2) U.S. Experimental pack T53-.,* and
(3) British Rxmerimental pack UK-2. Each pack weighed 27 po=3ds; the
manner in which each was carried is illustrated in Figures lp 2, and 3.

(3) Location. All tests were conducted in the Springfield
College Field House, which has a packed dirt floor.

b. Methods

(1) Types of locomtion. The types of locomotion included 0
in this study re: (1) rnin, (2) Jumping, (3) falling-and-gettin
up, (4) creeping, (5) rolling, and (6) climbing.

(2) Description of teste.

Rni (25 yrrds). Subject started from the standing
position and sprinted with maxim= speed for 25 yards. At the end of
the 25-yard run a "pull up" of 15 yards was allowed. The time of the
25-yard run was recorded.

Fallin -and-Rettin-up (, times). Subject stood with the
feet slightly apart (Figure 4a). He dropped to his knees, and at the
same time slid his right hand to the heel of his rifle (Figure 4b). .e
then fell forward, breaking his fall with the butt of the rifle (Figure
4c). After landing on his elbow and forearm, he cam3 into firing posi-
tion (Figure 4d). Then he drew his arm inward, and vith me movement
raised the body by straightening his arms, and sprang to his feet, coming
into the starting (standing) position (Figure 4a). The total time of
four complete cycles of down-and-up movements was recorded.

Standing broa.d iJ (6 consecutive 5-foot Jvous). A dis-
tance of 30 feet was divided into 6 sections by parallel cross lines.
Subject stood with his toes at the take-off line. He made a series of
6 consecutive 5-foot jups forward (Figure 5). The total tim of excu-
ting 6 jmps was recorded.

*The . . Stan ard pack referred to in this report was standard until
31 July 1957. The new standard pack is similar to the -w referred to
in this report as U. S. Experimental pack T53-8.

2
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TANS Is ge 1 4, ft, Weight, ud EoW 9wfaes of 3.bjoU

* -Sub3.ot Ae Reight Weigh

J, A. 69-3A 25 1.67
B. 1. 21 72 177 2,02

W. B. 39 71-3Al 229 2.19

1.B. 8 1821 27
G.E., 26 70-3Al lIM 1.82

L,.C. 25 35 i6 1.87

JL23L 66-3A 36 1.86

- -C. Pe 23L 72 1792..

PTo 20 7A 1891&, 2
A To 41-3A 165 1.812.

0 I 3



IP'ro 'b. ?Aar . .;-

Figre 1. U.S. I'. ,r. ,- ' j ' . ,
•' ~~St, mdad Pack ,-- - ",. .':". ..'"' " " __- •

P* - " t _ _ _ _ _

- -

'" , i, . S /'.

" -- "d..

Figure 3. Britsh

.4-



- -~ S

I

~ P .0 0
-~

7: ~, '~-,~d f *
'. ~

-~ -. .. S

- r$t..&~.
-~ - -

.~... ~..

.-. --

V . -'a. :~-

a. Standing b. Kamliag S S

p - *~
., *

.~ - ~- -~ ~w*.~-- Pa
* '.

I. S

~
I." -~ ii. [117 ~

c. Falling forvaz4

~h4t

~ S S

I

4. Prone
Figure 1.. Falling aM gettiag ~

5
* __ 9 9

r -. - ~ -

* ----- - -- -. - -- - --- -t-- -------- -.



"'Al

af. -,ndn 'b ln1n

C. ramn -'4 '

rig 5 pb, -.u a *ti v



Figur 5.OadMBodJpnu .M M
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tion with tha rifle cradled In the crooks of the elbows. He rested tho'""e"",' -
weight of the body on his forearms, elbows, and lower logs, keoptng the+ O " ...
rest of the boo off the ground. He moved forward by usirg his elbow . .. ,
and leo The left eowx was advaned at the ame tim aothe right" ""
knee. Ttwe tm of cmreein 10 yardsI wasl reorde d. ++

position, with the xrle hold with both hands under the bod. Subjet
could choose to roll to the right or left. The total tim of five rollo e
Was rtcond.d

QkiAMbn (12J foeot). Subject stood at te bas of a
vertical ladder. he climbe stepping with each foot on alternate rar
of t.he 1a4der (Figure 6). Upon reachin the 121 foot mark, he stood
with both foot on this Yang and then descended the ladder until both
feet reached th ground. Wrng the climb the sub jectr aspedL th•e

6 • 0

-++ -- - -.0 i.._ . . 0 0+

*l • p . I . 'l i pi-
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rungs with his hands. The distance between rungs was I foot; f the %-
ground to the first rung It was 1.5 feet. The tim of climbing, 4- "
scending, and the total tim were recorded. The rileL -" 'y c.re
in this test.

(3) Testina -Orocedure

Each test was adinistared ties: once without a peek
and once with each of the 3 different packs. To control the effect of
learning and training, the order of these tests was rotated. The subjects
were requested to execute each test as rapidly as possible, and tini was
done with stopate.•

Prior to the testing, subjects were given instrtions and
test practice, and also were familiarized with breathing into Doagias bas.
The subject rested for 30 minutes in a relaxed sitting position on a chair.
At the conclusion of this period, the expired air wes collected for 10 mii-
utes in a 200-liter Douglas bag to determine .,he resting metabolism.
After the Douglas bag was discommeted, the subject took the starting po-

* sition for the test, and when the pack was used,-it was placed on the s-b-
ject's back by a tester. On the command *get set' the subject took a md-
erately deep breath. This breath was held throughout the test. Immdi-
ately after the test the subject sat again on a chair placed at the point
where he finished the test. The expired air was collected ir another Doug-
las bag during a 10-ainute recovery period.

The air samples were collected in 50cc. syringes and were
analyzed in duplicate with the Scholander gas analyzer for oxygn and car-.
ben dioxide content. .

The energy cost of the tests was expressed in nwt figur•-
(gross oxygen used minus the resting oxygen consumption). It ias also ex-
pressed as the ratio of cc. of oxygen used to the subject's b7 su"•ace
area*

(4) Sub jective ratinm

The subjects were requested to rate the degr of die-

fort and the ar-ount of interference of each pack with the performace of
the test. The range of rating vu from one to three in order of izrea-
ing interference or discomfort.

3. Result#

a. Eern expenditure

As could be expected, in each of the six tests the least amount
of energy was used when tests were performed without a pack. This differ-
ence in the energy expenditure between the tests with a pack and the tests

7
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witot a pack us stitistically significant (see Table 31) *

On the other hand, hen the mounts of mrgy used In o teh test
with wsel of the three packs on, cmae, no statistically uignificant
ditff mye ws observed (see Table M.

b. Performance tie

Ma epoation that performance tm without a pack =0 be
larn with a pack was tru except In the followzo

(1) Fafing-and-gttig-up was performed as rapidly *1e cay-
Ing the U. S. ExperimeatO pack or the Bitish Experimental pack as i
no pack uas carried,

(2) ClInbing wan performed as rapidly while carrying the Brt-
Ish Expa-Imemtal pack as when no pack was carried. There uas, bowvr,
a trend (t-1.73) toward a faster performance without the pack.

(3) Decending was performed as rapidl with ny of the tre
packs as without a pack. t

(4k) Climbing addescending as a imit uas perforsod as rapI4.
ly with of the threo packs as vithout a pack.

Tse was no statistically significant difference betmem the
times for eacl tzst with each of the three packs as shorn in Table IM.

c. Subjective rating of packs

According to subjective rating of packs, based 'm comfort and
interferece of mov nts, the U. S. Standard pack was rated the best and
the U. S. Experimental pack rated a close second.

The U. S. Stwnard pack vu preferred to the other two packs
in creepinZ, falliln-nd-getting-up, and cllubngi vJ Ile in rming It
received the same rating as the U. S. Experimental pack. For such so-
tivitias as rolling and jumping, the U. s. Experimental pack was rated
the beat,

L& Macussion

C The nuber of subjects In this study was limited to ten. Al-
thouEh for statistical analysis a larger nmber of subjects would be de-
sirable, a larger series was not practicable.

b. There was no statistically significant difference betsec the
three packs when the energ cns uptim or the time required for teats
was acopared. This observation may be interpreted as an Inlication thatt-0

8
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TAM 11: CW(ARISON OF ENE= GOST Qr 0KT 1HATAC N ~~
THM DTjTMW PACKS (cc. of oy--n p sq. meter of body surface) •

o us B s s uS Brit

Paek S~t~ - R W_ Pa Stan--b_L v...._.__ _ _ ___.-.

No -199 -165 -231 -29 -216 -207 0 6

t. 2.62k I.ftw 2.,C4 2.713 2.88# 2.W0

S32 -12 -7 2

us D 4 .15 .08 .02
Stan t .5 5

S46 9us D .11 •

uip t.55.3

a"zm84 10410 1006 1052 512 721 728 719
s- 62 44 62 55 47 61 59 58

SD 186 131 185 166 1 17

so -225 -1" -329 -359 -379
t, 2.59- 2.30* 2."8 3.39 3.4513.711

US O 27 -17 -30 -50

Stale t .4.2 .21 .8 ..

us -44 -20 6 0

1gen 90 u126 1099 1W3 1063 1392 11422 1142
63 58 60 55 65 72 82 7861 173 1n 166 196 216 247 233 .

-Diff~erence between mears in cc.
t: t-ratio of

* Stfisticlly significant a. ..05 lev1 of confidence

t-ratio at this level is 1.83).

I StatistCaly significant at .01 level of confidence (iniS

t-ratio at this level is 2.82).

A positive difference indicates that the aenrgy cost for an

. itea listed on the left is greater than the energY cost for an

* ite listed at the top.

9



? ANz n (iooat.) "

No TS to Bit No US MB 4t

Pack Stam Up Ri Pack Stan Rip IV

31J1CLLIDW

NO D -180 -18 -179 -228 -24.6 -310
PaCk t 2.34* 2.9V7 2.59* 4 .5V 3.57# LW9

in D -6 1 -18 -82
Stan t .12 .01 .27 1.2.

W D 9 -.
lb t .21 .85

Means 550 730 738 729 699 927 945 2009
I.SE Aj 0 54i 64 30 ii0 53 53 -

SD 162 1 2 63 291 89 120 160 160

D, Differaeo between sin Ini a*,
ta t-ratio

* 8tattst~-ca1~ iUfoant at .05 lel of Onfidence (Eltan
t-.ratio at this level i 1.83)

I statiaticaly sizaificant at .01 level of Confidence (sizbb ' . -..
t-ratio ct thIs level is 2.82)

A poitive diffr ce Indicates that the mwu cost for an
it list on the left ii greater than the awa cost for an
itmn liate at the top.

=N0: The conventional t analysis (paired comparison) was used in this
investigation. Although this was the classical technique where more ' ,
than two groups were compared, multiple comparison tests now available,
such as %nalysis of variance, would be mre appropriate. Once an
overall difference is established on the basis of analysis of variance,
comparisons between groups are justified. In this connection, nwer
non-parametric techniques are available.

-10
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TANZ II: CMPARISON OF PERFORKANCS SCORE5 W1rTWT A PACK AND WIT'..
STHREE DIFFERENT PACKS (Score in seconds)

1 . US US Brit No U uS Brit
Pack Stan E=~ No Pack Stan MMD to

go D -. 47 -. 42 -. 5 -. 70 -. 74 -. 79
Pack t 4.481 3.501 4.50 2-Jl* 3.521 3.951

us D .05 -. 07 -. 04 -. 09
Stan t .38 .54 .13 .29

us V -. 12 -. 05
Bxp t .86 .21

UsAns 4.28 4.75 4.70 4.82 3.79 4.49 4.53 4.58
S1 .07 .08 .10 .10 .12 . a1 .16
3D .22 .24 .29 .29 .35 .80 .54 .49

FTALIN-and-GETrING-UP PING

No D -1.19 -. 68 -. 71 -2.22 -2.05 -1.73
Pack t 2.' 1.05 1.18 3.70f 3.661 2.U1

U3 D .51 .48 .17 .49
Stant .72 .76 .13 .32 S

us D -. 03 .32
lI* t .05 .23

means 13.92 15.11 14.60 14.63 10.62 12.84 12.67 12.35
Sm .51 .40 .51 .49 .69 1.05 .83 1.11
SD 1.54 1.20 1.53 1.48 2.08 3.16 2.48 3.32 ,

D: Difference between means in seconds
t: t-ratio

Statistically significant at .05 level of confidence (minima
t-ratio at this level is 1.83).

Statistically significant at .01 level of confidence (minima
t-ratio at this level is 2.82).

A positive difference indicates that the performance score for
an item listed on the left is greater than the performance 
score for an item listed at the top.

O ...... 1

0
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TABU M (cout.)"

So IM U31 Brit so us us Brit
Pacc Stan hi BM Pack Stat M W i

NO D -1.13 -1.05 -1.01 -. 47 -. 62 -. 81 0
Pack t 2.831 2.02* 2.241 .63 *73 *90

u3 D log .12 -.15 -.34st , t .14 .21 .20 .43 ~lll ~

us D .04 -. 19
IV t .07 .21

Means 5.47 6.60 6.52 6.48 9.98 10.45 10.60 10.79
SEX .41 . .38 .61 .45 .60 .66
SD 1.24 1.22 1.22 1.14 1.82 1.35 1.80 1.97

CLIMING DESCIDI3G

N, D -. 52 -.50 -. 52 .04 -. 12 -. 28
Pack t 2.60* 2.00* 1.73 .06 .24 .57

us D .02 0 -. 16 -. 32
Star t .05 0 .33 .65

0, .. 02 -. 16
t _t .04 .33

mIeans 4.47 4 . 4.97 4.99 5.51 5.47 5.63 5.79S.29 .20 .31 .33 .34, .34 .34 .33; .i"

.8 .59 .% .99 1.02 1.02 1.02 1.05

D: Difference between nw in seconds
t: t-rat"io

. Statistically significant at .01 level of confidence (minimm
t-ratio at this level is 2.82).

' Statistically significant at .05 level of confidence (minimum
t-ratio at this level is 1.83). "

A Positive difference indicates that the performance score for
an item listed on the left is greater than the performance score
for an item listed at the top.

0 - 1
12
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principal differwomme etwm hese pak am (3) the Iso S, lzpsrbt- .~. -.

a pak and the Pritim hp"tml pack hew tmbe~f paCojhu SAM*~
tached to the front of the belt, *uea the V. S. Staftrd pack hmuv
and (2) th itrb~ of the 6- to 6-pomd load emned an Us bw In.&. .

not the am for subacke Mkmmee dilttmme In 6slp bow , did
not can. detectable diffaemue In msaboll wr tb of purwwinca..

a. A3.toh thes frItiu IW ital pack zew±d Us Ist emb
jeotivo r&Ut& the sms esuld pwtam -the tests xMt tkAd pek as t an
ith the othsr-v pa"k.

4. Sub~ects coal Mmd of disemitt and lubwfogimmm oum
t bj tim uxittm puda of the V. S. &W±mtul jackad the Ititisk

bpv ta1 pack. Feu this ream me night ezpa a ovew a a~ m 0
101t7on an abmur mo t vith these packs thm vith the U 3, Smdl
ard pack, let this did mot bqp. -Posibl the bte towd we af te
dut d~aticn. One my apeculate ukha lmGWW t"at Blaut nt ad"&t

* Itvoberd thtat m s 2d =x urld k4*n the baki
am wm e U . S. Standaid pauk and the British Eqrltal pos, the
lo&d tomoedup and doi sed sidainie dwisg all. texts mqspt mrepg m
o11ahbzug. This bowng vu partnll v teluzt umthe mabjects w.

* hitting the dirt.! Dwrit this activity te load = this bak md the 10-

V.s S.adaoV.S d mta.wutI
combat- 4~ ma c~w4mf maotad 4.av o a

angsi he U. ms. tsUd, . S. bm ta and subietad tee-&nta vw
doe wit and~ witou thet tie wk. *

Mme per-fmonce tests SIned romint, :OIX9. faliag- 0
ge'tIxC-vp,p ctempfr(, Zrfllbq, and olabimM

_-g*In each test the emv oedtwe vas 1m ubm no -s -W
carried. I~b tho aouits of ena- usad In each tast with each of the

* Urne packs wer ocqw, no sttaial liificant diffme =8

Ze fiesasw pexforod faster, vitut a pack thin ith &1 of th
packs exnWpt

Ing te aza th pec S. ~ arlimtal. Pack m
no pac u caffie*
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(2) Cl abd was puwfamu as rapidI iMls on275n Us bit-.

bw mntal peak asvm no pack wu as rs

(1 4uoam was psifamd as rspUW with =W st Us
?bskSowltbft $pack,4

Ibift and amseuaIin an a =It wee perfma a rqpl5-
~7with aw of the thme packa an without a po-k

so SubJctiwe evaatc dWovd CIA z 1.8.o Stndord Peak me
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